An enriched environment (EE) is an animal housing technique in which animals are given increased amounts of space, physical activity, and social interaction. Currently, researchers studying EE focus mainly on its effects within the context of neurological diseases. However, little is known about how EE affects the intestinal mucosal barrier. This study assessed the effects of EE on the intestinal mucosal barrier in rats with colorectal cancer. A rat model of 1,2-dimethylhydrazine (DMH)-induced colorectal cancer was used. The rats were housed in eight conditions for eight weeks: EE, large cages containing eight rats with stimulating objects; enlarged space and socially enriched conditions (ES), large cages containing eight rats; enlarged space and cognition enriched conditions (EC), large cages containing one rat with stimulating objects; enlarged space enriched conditions (E), large cages containing one rat; cognition and socially enriched conditions (CS), four to five rats housed in standard cages containing stimulating objects; cognition enriched conditions (C), rats housed individually in small-size cages containing stimulating objects; socially enriched conditions (S), standard cages containing four rats; and normal conditions (blank group, B). We determined the weight of each rat, measured the intestinal mucosa and plasma levels of tumor necrosis factor-alpha (TNF-a), interleukin 6 (IL-6), interleukin 10 (IL-10), ghrelin, corticotropin-releasing factor (CRF), occludin, bacterial translocation (BT), and secretory immunoglobulin A (SIgA), and assessed the morphology of the intestinal mucosa. On the whole, the combination of cognitive stimulus and social support was better than the combination of three factors in maintenance of the intestinal mucosal immune barrier and brain-gut peptide. The combination of all three factors and combination of cognitive training and social support were more effective than any single factor. Future studies are needed to study the effects of an EE on body weight, brain-gut peptide, and the intestinal mucosa biological barrier.
Introduction
An enriched environment (EE) is an animal housing technique consisting of three aspects: increased space, cognitive training, and social interactions among animals. Using igloos, running wheels, saucer wheels, tube mazes, and other objects, EEs have been shown to increase sensory, cognitive, motor, and social stimulation. 1 In an EE, the layout of the objects in the enclosure changes regularly to present a novel environment to which the animals can adapt. 2 Recent studies demonstrated that EEs decrease adiposity, increase energy expenditure, limit diet-induced obesity, and cause cancer remission and inhibition of tumor growth. 2 For example, one study demonstrated that an EE affected normal mammary gland development and inhibited mammary tumor growth, resulting in a marked decrease in intratumoral cyclooxygenase-2 (COX-2) activity and an increase in the plasma ratio of adiponectin/leptin levels. 3 Another study showed that an EE inhibited colon cancer growth post-MC38 implantation and suppressed intestinal tumorigenesis in Apc Min/þ mice. 4 
Impact statement
An enriched environment (EE) is an animal housing technique where animals are given increased amounts of space, physical activity, and social interaction. Presently, researchers studying EEs focus mainly on their effects within the context of neurological diseases. However, little is known about how EEs affect the intestinal mucosal barrier. This study assessed the effects of an EE on the intestinal mucosal barrier in rats with colorectal cancer.
In the case of experimental rats, an EE consists of a cage in which a certain number of rats (8) (9) (10) (11) (12) are raised within an enlarged space with some environmental stimuli. In a study of the effects of an EE on the intestinal mucosal barrier 10 and the brain-gut axis, 11 it was shown that the exposure of the body to a source of stress affected the intestinal microbial environment, including the population of Lactobacillus. Intestinal microorganisms are important components of the intestinal mucosal biological barrier, which is closely related to its function. A source of stress can also affect the balance of the brain. The main mechanism is the overexpression of corticotropin-releasing factor (CRF), which is involved in the stress response. Stress regulates the integrity, secretion, and sensation of the gastrointestinal tract through the hypothalamic-pituitaryadrenal (HPA) axis, which can lead to increased cortisol levels, 11, 12 thereby destroying the intestinal immune system and causing intestinal dysfunction. 11 Social support and EE are effective ways to alleviate stress. 13 In addition, some studies have shown that long-term appropriate exercise could increase the level of the brain-gut peptide 13 ghrelin. Short-term exercise could also increase the level of ghrelin under certain conditions. In an EE, the body is able to exercise effectively.
14 Therefore, it is conjectured that an EE can improve the intestinal microenvironment by alleviating the irritation from stress sources. It can protect the function of the intestinal mucosal barrier and maintain the balance of the brain and intestine. In addition, studies on the role of EEs in colorectal cancer have mainly focused on their effects on tumor growth inhibition. The results suggest that an EE can mediate intratumoral complex signaling pathways, such as phospho-Akt, phospho-ERK1/ERK2 and phospho-P38a, to reduce tumor weight. 4 However, studies have shown that while an EE can relieve symptoms and improve physical condition, it cannot alone reduce tumor weight. 15 Therefore, the role of the EE in the occurrence and development of colorectal cancer needs further study. Studies of the intestinal mucosal barrier in EE have shown that the structure of intestinal microflora can be destroyed and levels of beneficial bacteria can be reduced when the body is exposed to harmful social pressure 10 ; however, positive pressure can increase these beneficial bacteria. The improvement of cognitive function is also associated with recovery of intestinal mucosa injury in abdominal disease, 16 and exercise can change gene expression in the colon mucosa, 17 thus preventing the occurrence of colorectal cancer. However, little is known about the effects of EEs in patients with colorectal cancer.
This study aimed to explore the effects of three aspects of EE conditions on the intestinal mucosal barrier and the brain-gut axis in mice with colorectal cancer. Our primary goal was to assess the role of EE during tumor development and to determine how EE might affect the rehabilitation of colorectal cancer patients.
Materials and methods

Pre-experiment
We obtained 10 four-week-old male Sprague-Dawley rats, weighing approximately 150-160 g each, from the Animal Experimental Center of Fujian Medical University. The rats were housed according to the following criteria. They were housed individually in ventilated cages with soft shavings and air-conditioning (22 AE 1 C, 50-60% humidity, 12-h light/dark cycles), and were fed ad libitum (20-25% protein, 5-10% fat, 3-5% crude fiber). Food was prepared and mixed as per the guidelines set by the Association of Analytical Communities. Prior to experimentation, the rats were fed adaptively by the criteria described above for two weeks. The animals were then monitored for agility and missing teeth. Rats that showed neither occurrence were deemed fit to proceed with experimentation. All procedures were approved by the Laboratory Animal Welfare and Ethics Committee of Fujian Medical University (certificate number 2016-06), and were performed in accordance with the National Institute of Health guidelines for the treatment of animals.
Beginning at six weeks of age, 1,2-dimethylhydrazine (DMH; Sigma Chemical Co) was injected subcutaneously (20 mg/kg) once a week for 21 weeks.
All rats were kept under a constant 12-h light/dark cycle for six weeks. Food and water were available ad libitum. Twenty-one weeks after injection of DMH, the rats were examined by ultrasonography (Esaote, MylabClassC, probe frequency 18-22 MHz, Italy). Tumor formation occurred in nine rats. Ten rats were dissected. The intestinal tissues and masses were taken for pathological biopsy and examined by two pathologists to reach a unified diagnosis.
All the tumors in the nine rats were progressive adenocarcinomas. The pathological results for the rat with no tumor mass were normal. In addition, ultrasonography is a noninvasive means of inspection. Therefore, ultrasonography could be used to determine whether or not a tumor was present.
Animals
We obtained 70 four-week-old male Sprague-Dawley rats, weighing approximately 150-160 g each, from the Animal Experimental Center of Fujian Medical University. The rats were treated as described above.
Generation of 1,2-DMH-induced tumors
Beginning at six weeks of age, DMH (Sigma Chemical Co) was injected subcutaneously (20 mg/kg) once a week for 21 weeks.
Animal housing procedures
All rats were kept under a constant 12-h light/dark cycles for six weeks. Food and water were available ad libitum. Twenty-one weeks after injection of DMH, the rats were examined by ultrasonography (Esaote, MylabClassC, probe frequency 18-22 MHz, Italy). Tumor formation occurred in 65 rats; these animals were divided into groups of eight (except for the blank group, which consisted of nine rats) and then assigned to one of the eight housing conditions (Table 1) .
All stimulating objects and the location of food and water were changed twice per week. After eight weeks of experimentation, two rats from the B group were euthanized owing to excessive tumor burden.
From the literature, it is clear that there is no uniform standard regarding the experimental variables used by researchers. However, we designed our experiments based on the following characteristics of EEs from the literature.
1,18-20 ‹ The number of rats in an EE is typically 6-20 per cage. › The spatial size of an EE has been in the range 30,000-50,000 cm 3 per rat. fi The number of stimulatory objects has not been specified in the reported studies; however, it can be surmised that the number of stimulatory objects was about 1-2 per rat. fl The types of objects included huts made of wood, walking wheels made of plastic with a diameter of 21 cm, transparent labyrinths tunnels made of acrylic with a diameter of 13 cm and various wooden toys. All of these objects were harmless to rats.
The inclusion of these items is mainly based on the rodent's mode of playing with them, such as burrowing, climbing, and often also biting, to explore their purpose. Therefore, in this study, the conditions adopted for the EE were according to the above practices. Items destroyed by the rats were replaced periodically. In addition, the positions of the stimulants, water, and food in the cages were changed twice weekly to ensure the freshness of the rats' environment.
Western blot
Prior to obtaining tissue samples, all rats were anesthetized then sacrificed. Colon tissue (approximately 100 mg) was clipped 2 cm before the end of the cecum and washed with saline. The tissues were then placed in an Eppendorf (EP) tube and kept frozen at À80 C. About 100 mg of tissue was treated with 200 mL Protein Seeker Mammalian Cell Lysis Solution (BoKang, Hangzhou, China). The mixture was ground in ice water, shaken at 1200 r/min for 5 s and then centrifuged at 12,000-16,000 Â g for 5 min. The supernatant was collected and stored at À80 C before use. The extracted proteins were analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred onto a polyvinylidene fluoride (Pall) membrane. Western blots were performed using a polyclonal antighrelin primary antibody (1:250; Abcam). The blots were then incubated with horseradish peroxidase-conjugated secondary antibodies (1:8000, ZB-2301, Zhong Shan Company, Beijing) for 1 h. Immunoreactive proteins were detected using the enhanced chemiluminescence (ECLPlus Western Blotting Detection System, Amersham Life Sciences, Braunschweig, Germany). Image J software was used to quantify the results.
Measurement of TNF-a, IL-6, IL-10, and CRF levels Rat intestines (approximately 400 mg of tissue per sample) were clipped and washed with saline. The samples were cut into slices, homogenized using a Dounce homogenizer (Wheaton, USA), and centrifuged at 10,000 r/min for 30 min at 4 C. The supernatants from each fraction were collected and stored at À70 C. For brain tissue samples, rat brains were isolated in an ice bath, and the hypothalami were separated and placed in EP tubes. The tissues were then frozen in liquid nitrogen for 5 min and stored at À70 C. For serum samples, blood was drawn from the inner canthus vein, and then rested for 4 h before being Table 1 . Different housing conditions.
Group
Housing conditions EE Large cages (109 Â 79 Â 41 cm) containing eight rats each were used; each cage contained a variety of stimulating objects such as tunnels, running wheels, labyrinths, wooden boxes and balls. S Standard cages (54.5 Â 39.5 Â 20 cm) containing four rats each were used, without any stimulating objects. ES Large cages containing eight rats each were used, without any stimulating objects. EC Large cages with one rat each were used; each cage contained a variety of stimulating objects. E Standard cages with one rat each were used, without any stimulating objects. CS Four to five rats were housed in standard cages containing a variety of stimulating objects. C Rats were housed individually in small-size (32 Â 21 Â 16 cm) cages containing various stimulating objects. B
Rats were housed individually in small-size cages without any stimulating objects.
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centrifuged at 10,000 r/min for 30 min. The serum was isolated from whole blood and stored at À70 C. All samples were later thawed and the levels of TNF-a, IL-6, IL-10, and CRF were determined by enzyme-linked immunosorbent assay (ELISA) as per the manufacturer's instructions. The ELISA kit by Xin Bo Sheng (Shen Zhen, China) was used for TNF-a, IL-6, IL-10, and a kit from Bio Vendor (Europea) was used for CRF.
Detection of BT
Mesenteric lymph nodes, livers, and spleens were collected post-euthanasia and placed in 1 mL of cold saline. The samples were ground using a mortar and pestle, and 0.5 mL of each sample was incubated with medium containing eosin methylene blue agar at 37 C for 48 h. This medium is a standard non-inhibitory solid medium containing: (a) Broth agar (pH 7.4) (BR grade) 1000 mL, (b) 1% eosin methylene blue aqueous solution (AR grade) 10 mL, (c) lactose (AR grade) 10 g, (d) 1% rosin acid ethanol solution (AR grade) 10 mL per 1000 mL eosin methylene blue agar. Rosmaric acid only inhibited the growth of Gram-positive bacteria, but did not inhibit the growth of Gram-negative bacteria. Lactose-decomposing bacteria formed blue colonies on the medium. Escherichia coli are a Gram-negative bacterium with lactose decomposition. It can form blue colony on the medium, and the size of a single colony is about 2 mm. 21 Therefore, in this study, cultured bacteria were used as enterococci of Enterobacteriaceae and more than five blue colonies were recorded as positive for bacterial culture. 22 The number of bacterial colonies was counted and the number of colony-forming units per gram of tissue (CFU/g) was calculated.
Intestinal mucosa morphology
Intestinal mucosa villi length, villi width, and muscle layer thickness were measured. Rat intestines were isolated and fixed with 10% formaldehyde, dehydrated, and embedded in paraffin. Five-lm-thick sections were cut, dewaxed with xylene, hydrated with an alcohol gradient, and stained with hematoxylin for 1 min. The samples were washed with phosphate-buffered saline (PBS) and stained with eosin for 15 s, and then quickly dehydrated with an alcohol gradient. Finally, the sections were treated with xylene, mounted in neutral gum, and viewed with a light microscope. Hematoxylin and eosin staining results were evaluated using Image-Pro Plus 6.0 software, and betweengroup comparisons were conducted.
Immunohistochemical detection of occludin and secretory immunoglobulin A
Rat intestines were fixed in 10% formalin for 24 h and embedded in paraffin. Five-lm-thick sections were cut, mounted on slides, and incubated with anti-occludin (1:120, Thermo, USA) or anti-secretory immunoglobulin A (SIgA) antibodies (1:100, Thermo, American) for 2 h at 37 C. The slides were then washed three times with PBS and incubated with goat anti-rabbit secondary antibodies (Maixin Biological Technology Development Co, Ltd, Fuzhou, China) for 30 min. The slides were washed three times with PBS and developed using diaminobenzidine (DAB) color development solution (Fuzhou Maixin Biotechnology Development Co, Ltd) for 5 min. The slides were then stained with hematoxylin for 1 min, washed with PBS, dehydrated with an alcohol gradient, treated with xylene, mounted with neutral gum, and viewed with a light microscope (NikonSMZ645, Japan). Immunohistochemical staining results were evaluated using Image-Pro Plus 6.0 software, and between-group comparisons were conducted. The reviewer who analyzed all immunohistochemically stained slides was blinded to the group allocation of each sample.
Statistical analyses
BT (CFU/g) measured from various organs is presented as percentages. Protein expression levels are presented as means AE standard deviation. Differences among groups and interactions of various factors were assessed using one-way analysis of variance with a post hoc Bonferroni pairwise comparison. When the data were not normally distributed, a Kruskal-Wallis test with post hoc MannWhitney U-test for pairwise comparison was performed. For all statistical analyses, P < 0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS 24.0 statistics software (SPSS Inc., Chicago, IL, USA).
Results
Microscopic morphology of intestinal mucosa
Intestinal villi length. The results showed that there was no significant interaction among the three factors or between the two two-factor combinations in the length of small intestinal villi (P > 0.05) (Table S1 ).
Further analyses of variance were performed. The results showed that there was a statistically significant difference between the EC and ES groups (P ¼ 0.035) (Table S4, Figure 1 ).
Intestinal villi width. There was no significant interaction among the three factors or between the two two-factor combinations in the width of small intestinal villi (P > 0.05) (Table S2) .
Further analysis of variance was performed. The results showed that there were significant differences between group EC and group S, and between group EC and group B. There were no significant differences between the other groups (Table S4, Figure 1 ).
Muscle layer thickness. The results showed that there was no significant interaction among the three factors in the muscle layer thickness (F ¼ 0.297, P ¼ 0.588). EC was the only two-factor combination that showed interaction (F ¼ 14.312, P ¼ 0.000) (Table S3) .
By the simple effect analysis, there were significant differences between the C and B group, S and B group, E and B group, and S and ES group (F ¼ À2.546, P ¼ 0.011; t ¼ 2.600,
Further analysis of variance was used. The results showed that there were significant differences between the E and S group, CS and B group, EC and B group, and ES and B group (P ¼ 0.046; P ¼ 0.001; P ¼ 0.048; P ¼ 0.001) (Table S4, Figure 1 ).
Immunohistochemical detection of occludin. The results
showed that there was no interaction among the three factors (F ¼ 2.760, P ¼ 0.102) or between the two two-factor combinations in the occludin, and cognitive stimulation and social support had statistically significant effects on the difference in the level of occludin secretion (Table S5) .
The simple effect analysis showed that there were significant differences between the ES and EE group, S and B group, and EC and EE group (F ¼ À1.96, P ¼ 0.05; t ¼ À2.806, P ¼ 0.015; t ¼ À2.546, P ¼ 0.023). The results of variance analysis showed that there were statistically significant differences between the EE and C group, CS and B group, and EE and B group (P ¼ 0.033, P ¼ 0.004, P ¼ 0.000) (Table S6, Figure 2 ).
EE modulates plasma TNF-a, IL-6, and IL-10
Plasma IL-10. The results showed that there were interactions among the three factors (F ¼ 6.914, P ¼ 0.011) and between the two two-factor combinations in the plasma IL-10, and the three factors all had statistically significant effects on the difference in the level of plasma IL-10 (Table S7) .
The simple effect test showed that the differences between the plasma IL-10 levels in the E and EC group, and the E and ES group, were not statistically significant (P > 0.05). The results of variance analysis showed that there were no statistically significant differences between the ES and EC group, or the C and S group (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S10, Figure 3 ).
Plasma Il-6. The results showed that there was no interaction among the three factors (F ¼ 3.526, P ¼ 0.066). CS was the only two-factor combination that showed an interaction, and the three factors all had statistically significant effects on the difference in the level of plasma IL-6 (Table S8) .
The simple effect test showed that the differences between plasma IL-6 levels of the S and EC group, and the CS and EE group, were not statistically significant (P > 0.05). Variance analysis showed that there were no statistically significant differences between the EC and ES group, S and E group, S and C group, E and B group, or E and C group (P > 0.05). The differences among the remaining groups were statistically significant (P < 0.05) (Table S10, Figure 3 ).
Plasma TNF-a. The results showed that there was no interaction among the three factors (F ¼ 0.561, P ¼ 0.457) with respect to plasma TNF-a. There were interactions between the two two-factor combinations, and the three ......................................................................................................................................................... ... factors all had statistically significant effects on the difference in levels of plasma TNF-a (Table S9) .
The simple effect test showed that the differences between the plasma TNF-a levels in the E and EC group, and the E and ES group, were not statistically significant (P > 0.05). The variance analysis showed that there were no statistically significant differences between the EE and ES group, or the EE and EC group (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S10, Figure 3 ).
EE modulates intestinal mucosal TNF-a, IL-6, and IL-10
Intestinal mucosal IL-10. The results showed that there was no interaction among the three factors (F ¼ 0.007, P ¼ 0.930). CS and SE were the two-factor combinations that showed interaction, and the three factors all had statistically significant effects on the difference in the level of intestinal mucosal IL-10 (Table S11) .
The simple effect test showed that the differences between intestinal mucosal IL-10 levels of the E and EC group, S and B group, E and B group, and C and EC group were not statistically significant (P > 0.05). The results of variance analysis showed that there were no statistically significant differences between the C and ES group, ES and EC (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S14, Figure 3 ).
Intestinal mucosal IL-6. The results showed that there were interaction among the three factors (F ¼ 12.455, P ¼ 0.001) and between the two two-factor combinations in the plasma IL-6, and the three factors all had statistically significant effects on the difference in the level of plasma IL-6 (Table S12) .
The simple effect test showed that the difference between intestinal mucosal IL-10 level of the E and ES group was not statistically significant (P > 0.05). The results of variance analysis showed that there were no statistically significant differences between the C and S group, or the E and C group (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S14, Figure 3 ). ........................................................................................................................................................ 
....
Intestinal mucosal TNF-a. The results showed that there were interaction among the three factors (F ¼ 61.800, P ¼ 0.000) and between the two two-factor combinations with respect to the plasma TNF-a, and the three factors all had statistically significant effects on the difference in the level of plasma TNF-a (Table S13) .
The simple effect test showed that the differences between the intestinal mucosal TNF-a levels of the E and ES group, and the CS and EE group, were not statistically significant (P > 0.05). The results of variance analysis showed that there were no statistically significant differences between the EC and ES group, or the EC and S group (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S14, Figure 3 ).
Immunohistochemical detection of SIgA. The results showed that there was no interaction among the three factors (F ¼ 3.039, P ¼ 0.087). EC was the only two-factor combination that showed interaction, and the cognitive stimulation and social support of three factors had statistically significant effects only on the difference in the level of SIgA (Table S15) .
The simple effect test showed that there were significant differences between the SIgA level of the C and B group, CS and S group, S and B group, C and CS group, EC and EE group, and E and B group (F ¼ À2.950, P ¼ 0.003; F ¼ À2.762, P ¼ 0.006; F ¼ À2.209, P ¼ 0.027; t ¼ À2.571, P ¼ 0.010; t ¼ À2.256, P ¼ 0.041; F ¼ À2.477, P ¼ 0.013) (P < 0.05). The results of variance analysis showed that there were statistically significant differences between the ............................................................................................................................................................ B group and the other groups (P < 0.05) (Table S16, Figure 4 ).
BT ratio in eight groups. The results indicated that BT occurred in 8 of 24 tissues in the EE group, 13 of 24 tissues in the EC group, 11 of 24 tissues in the S group, 16 of 24 tissues in the E group, 11 of 24 tissues in the ES group, 8 of 24 tissues in the CS group, 12 of 24 tissues in the C group, and 14 of 24 tissues in the B group. However, the differences in the BT ratios in the eight groups were not statistically significant. None of the two-factor combinations and single-factor analyses showed statistically significant differences.
Hypothalamic CRF levels. Our results showed that the CRF levels in the hypothalamus were significantly affected by enlarged space intervention, social support intervention, and cognitive training (F ¼ 19.728, P ¼ 0.000). CS and ES were two-factor combinations that had significant interactions, with statistical values of F ¼ 57.489, P ¼ 0.000 and F ¼ 19.728, P ¼ 0.000, respectively (Table S17 ).
The simple effect test showed that the differences between the hypothalamic CRF levels of B and S group, B and C group, E and ES group, EC and EE group, and CS and EE group were not statistically significant (P > 0.05). The results of variance analysis showed that there were no statistically significant differences between the C and E group, ES and B group, or ES and C group (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S18, Figure 5 ).
Intestinal mucosal ghrelin. Results for intestinal mucosal ghrelin secretion showed that there was significant interaction among enlarged space intervention, social support intervention, and cognitive training (F ¼ 51.224, P ¼ 0.000). Two-factor combinations also showed interactions (Table S19) .
The simple effect test showed that the differences between the intestinal mucosal ghrelin levels of the EC and EE group, and EE and CS group, were not statistically significant (P > 0.05). The results of variance analysis showed that there were no statistically significant differences between the S and E group, EC and S group, or ES and B group (P > 0.05). The differences between the remaining groups were statistically significant (P < 0.05) (Table S21, Figure 6 ).
Hypothalamic ghrelin. Hypothalamic ghrelin secretion
showed no significant interaction with respect to enlarged space intervention, social support intervention, and cognitive training (F ¼ 2.634, P ¼ 0.110). The two-factor combination ES showed no interaction (F ¼ 0.022, P ¼ 0.884), but CS (F ¼ 11.149, P ¼ 0.001) and EC (F ¼ 13.471, P ¼ 0.001) showed interactions (Table S20) .
The simple effect test showed that there were significant differences between the hypothalamic ghrelin levels of the S and CS group, C and CS group, EC and EE group, and CS and EE group(F ¼ À6.516, P ¼ 0.000; F ¼ À4.405, P ¼ 0.001; F ¼ À3.932, P ¼ 0.002; F ¼ 3.839, P ¼ 0.002) (P < 0.05). The results of variance analysis showed that there were statistically significant difference between the CS group and the other groups, and between the EE and S group, EE and E group, EE and B group, C and E group, and C and EC group (P < 0.05) (Table S21, Figure 6 ).
Weight. There was no significant difference in body weight among the main interventions (F ¼ 0.048, P ¼ 0.828); however, the difference in the main effects of time had statistical significance (F ¼ 56.491, P ¼ 0.000).
Discussion
Previous studies have focused on various medical interventions, such as the use of antibiotics, probiotics, enteral nutrition, and traditional Chinese medicine, to protect the intestinal mucosal barrier of cancer patients and to regulate the brain-gut axis. Currently, there exist no effective nursing interventions to maintain intestinal mucosal barrier function in cancer patients. Interestingly, several rigorous studies have begun to discern the physiological mechanisms by which "soft" science can influence the development and growth of cancer. 23 Many studies have begun to examine the effects of different elements of EE on the body. In the present study, we hypothesized that EE could effectively prevent damage to the intestinal mucosal barrier in rats with colorectal cancer.
Intestinal mucosal physical barrier
The basic structure of the intestinal mucosal barrier is composed of connecting intestinal epithelial cells, and the integrity of the barrier is directly related to the maintenance of the tight-junction complex. Occludin, an integral plasma ............................................................................................................................................................ membrane-associated protein, has a pivotal role in the formation and stability of tight junctions. 24 Current evidence indicates that the expression levels of occludin in intestinal mucosal epithelial cells reflect the degree of deterioration of the intestinal mucosal barrier when confronted with pathogenic microorganisms and exogenous toxins under conditions of intestinal flora irregularity. Occludin levels also reflect the degree of repair of the intestinal mucosal barrier after stressful or traumatic periods, such as major surgery, severe disease, infection, burn, and ischemia-reperfusion. 25, 26 Therefore, we used occludin expression levels, the length and width of the small intestinal villi, and muscle layer thickness to indicate the extent of damage to the intestinal mechanical barrier.
In the study of occludin, although the three factors had no combined interaction, the secretion of EE group was beneficial to the release of occludin. In the study of intestinal morphology, there was no synergistic effect of the combination of the three factors or the two two-factor combinations on villus length and width. In the maintenance of the intestinal mucosal mechanical barrier, no single factor had any obvious protective effect on the intestinal mucosal mechanical barrier. However, the combination of social support, cognitive stimulus and enlarged space may have beneficial effects on the intestinal mucosal mechanical barrier to some extent. But this effect is only reflected in the increase of occludin secretion and has no obvious effect on the regulation of intestinal mucosal morphology. Studies have shown that proper exercise can help increase the activity of occludin protein, thereby increasing the tight junction of the intestine. 27 Therefore, the exercise induced by an EE can help to strengthen the tight junction of the intestine. However, in the pathological intestinal tract, the main reason that the EE has no obvious effect on the intestinal tract may be that the EE cannot completely resist the destruction and consumption of the tumor to the normal intestinal tissue.
Intestinal mucosal immunological barrier
Cytokines are major regulators of mucosal immunity and have important roles in intestinal immune defense. Throughout the course of various conditions of stress and disease, T cells are activated and release TNF-a, which can induce IL-1 and IL-6 production, leading to the deterioration of the intestinal mucosal barrier and thereby increasing intestinal mucosal permeability to promote BT. 28 IL-10 is an anti-inflammatory cytokine that can inhibit the secretion of TNF-a, IL-6, and several chemokines by macrophages. 29, 30 In the study of plasma TNF-a, IL-6, and IL-10, only the synergistic effects produced by the cognitive stimulus and social support combination had beneficial effects on the organism. In comparison with each factor individually, the combination of enlarged space and cognitive stimulus, the combination of enlarged space and social support had no significant effects on the secretion of TNF-a and IL-10. With regard to IL-6 secretion, only the synergy produced by the combination of cognitive stimulus and social support had beneficial effects on the organism. In the analysis of single factors, all three single factors had a negative effect on TNF-a and a positive effect on IL-10, which represents a beneficial effect on the organism. Therefore, except for IL-6, the effect of each single factor was better than that of the blank group. Cognitive stimulus plays the most significant part in the secretion of TNF-a and IL-10, and has a beneficial effect on the body. However, in the secretion of IL-6, cognitive stimulus has a negative effect on the body. For the secretion of TNF-a and IL-10, addition of enlarged space to cognitive stimulus or social support did not produce statistically significant differences. The results showed that enlarged space had a weakening effect on cognitive stimulus and social support, and the combination of cognitive stimulus and social support played the most important part in regulating serum cytokines. Further analysis revealed a statistically significant difference in low IL-6 and high IL-10 levels in the EE group compared with the other groups. In the CS group, the levels of IL-6 and TNF-a were lower, and the level of IL-10 was higher, and the difference was statistically significant. Therefore, in the regulation of secretion of serum inflammatory factors, the combination of cognitive stimulus and social support is the most important factor, even compared with the EE. Cognitive stimulus was the most significant factor in the single-factor analysis. Cognitive stimulus played the most significant part of any single factor, but had different effects on different cytokines. Therefore, the effects of single factors on cytokines are not yet certain.
In the study of intestinal mucosal TNF-a, IL-6, and IL-10, the results showed that the three factors showed an interaction in the secretion of TNF-a and IL-6 which could reduce the secretion of TNF-a and IL-6, with a beneficial effect on the body. In the analysis of two two-factor combination, only the cognitive stimulus and social support combination could reduce the secretion of TNF-a and IL-6, which have beneficial effects on the body. However, the combination of enlarged space and cognitive stimulus, enlarged space and social support had an effect on the body. In the secretion of IL-10, only the combination of cognitive stimulus and social support, enlarged space and social support was significant. However, only the cognitive stimulus and social support combination increased IL-10 secretion, which has a beneficial effect on the body. The combination of enlarged space and social support also has an effect on the body. In the analysis of individual factors, three single factors had roles in the regulation of IL-10. But through further analysis, compared with the blank group, for the secretion adjustment of IL-10 in any group, except for the enlarged space and social support, and the rest had a significant difference. However, compared with the blank group, only social support and enlarged space had beneficial effects on the body via the regulation of IL-10. Moreover, social support had a greater effect than enlarged space, but these two factors were weaker than the CS group and EE group. The regulation of cytokines by the other single factors also had an effect on the body. Through further two-two comparison analysis, we found that the differences between the EE group, the CS group and other groups in the regulation of three kinds of intestinal mucosal cytokines were statistically significant, which were beneficial to the secretion of IL-10 and inhibited the secretion of TNF-a and IL-6. It can be concluded that the combination of cognitive stimulus and social support, and combination of three factors, can play a part in the regulation of three intestinal mucosal cytokines and have a beneficial effect on the body. Therefore, the combination of cognitive stimulus and social support or combination of three factors has a positive role in regulating the immune regulation of the intestinal mucosal barrier. In the singlefactor analysis, only social support and enlarged space regulation of IL-6 had more beneficial effects on the body, and their effects is weaker than those observed in the CS group and EE group. Therefore, the effects of single factors on intestinal mucosal cytokines were not significant.
SIgA is the primary immunoglobulin residing on the surface of the intestinal mucosa, where it helps to resist intestinal lumen hydrolysis without activating inflammation. It is considered as the first line of immunological defense that protects the mucosa and helps resist pathogenic infection. Consistent with this, SIgA has been shown to prevent adherence of bacteria to the surface of epithelial cells. 28, 31 In the study of SIgA, three factors were found to have no interaction with each other in SIgA secretion. In the two-factor combination analysis, the combination of enlarged space and cognitive stimulus could produce an interaction, but there were no significant differences between them and social support factors. In single-factor analysis, cognitive stimulus and social support were beneficial to the secretion of SIgA. Based on 22 comparative analyses, the combination of enlarged space and cognitive stimulus produces a mutual weakening effect and does not produce a significant influence compared with any single factor. Further comparison showed that the levels on SIgA in the EE and CS groups were significantly higher than in the other groups, while the effect in the EE group was similar to that in the CS group. Therefore, cognitive stimulus, social support, and enlarged space had no synergistic effect, but could increase the secretion of SIgA. Cognitive stimulus and social support had no synergistic effect, but they were beneficial to the secretion of SIgA. These results show that among all the factors, the combination of three factors and cognitive stimulus and social support had the strongest effect. In the single-factor analysis, each single factor was beneficial to the secretion of SIgA, but it is not known which factor has the greatest effect. Therefore, it can be concluded that EE intervention can enhance the secretion of SIgA. For each single factor, further studies are needed to analyze which factors are more conducive to SIgA secretion.
In this study, we also found negative effects on the body in the ES, C and EC groups with respect to the secretion of serum IL-6. There were negative effects on the body in the ES and C groups on the secretion of IL-10 in the intestinal mucosa. An influence on the secretion of IL-6 of the intestinal mucosa was observed in all groups except for the CS and EE groups. The negative effects of group C on the secretion of TNF-a in the intestinal mucosa had a negative effect on the body. The reason for this may be that social support, cognitive stimulus and enlarged space in an EE can produce certain physical movements.
The stimulation produced by cognitive stimuli was stronger than that of social support in terms of persistence, distance, and frequency. Therefore, cognitive stimulus plays a more important part in sports than social support, and is the most important factor in enriching the environment. 14 Studies have shown that the inflammatory response caused by intestinal diseases can be changed through the external housing environment. 32 Three factors in the EE could interact and have a beneficial effect on the organism. 33 The results of this study are consistent with this conclusion. The combined effect of social support, cognitive stimulus, and body movement produced by the enhanced external housing conditions may have beneficial effects on the secretion of cytokines in serum and in the intestinal mucosa to protect the intestinal mucosal immune barrier. However, in the single-factor study, the regulatory role of single factors on intestinal immune barrier was not clear and needs further study.
Intestinal mucosal biological barrier
Generally, BT is used to evaluate intestinal biological barrier function, which refers to the translocation of intestinal bacteria from the intestinal lumen to the mesentery or other organs. Under normal conditions, intestinal BT does not easily occur, owing to tight intestinal mucosal epithelial connections that provide an efficient surface for bacterial clearance. BT increases during bacterial pathogenesis occurring in the intestinal tract or during periods of stress. We therefore used BT to evaluate the permeability of the intestinal mucosal barrier. 34 In this study, although we observed no statistically significant differences between any of the experimental groups, BT ratios from the CS and EE groups were, in general, lower than those from the other groups, suggesting a trend towards the combination of cognitive stimulus and social support reducing intestinal barrier permeability during tumorigenesis. The reason there was no significant difference may be related to the intervention time. Therefore, the effect of an EE on translocation rate of bacteria needs further study. Moreover, BT occurred in the intestinal tract of all groups, suggesting that intestinal permeability increased during the development of malignant tumors, which could easily lead to intestinal flora disorder and intestinal biological barrier damage. But how the intestinal flora changes also needs further study.
Brain-gut peptides
CRF is one of the main hormonal regulators of the central nervous system. Under stress, CRF expression becomes elevated to modulate gastrointestinal dynamics, secretion, and sensation through the HPA. 12 Our results show that CRF secretion in the CS, EE, and EC groups was the highest compared with all the other groups. There were significant differences in single-factor effects of cognitive stimulus, social support, and enlarged space on CRF secretion. Synergy occurred when cognitive stimulus, social support, and enlarged space were combined. Some studies have shown that enlarged space could increase animal movement by extending the distance between animals, food, and the stimuli. In addition, the amount of exercise was increased by the interaction of cognitive stimuli and communication among rats. 35 The results suggest that the movement generated by an enlarged space could promote the secretion of CRF, but only the combination of cognitive stimulus, social support, and enlarged space could produce a more significant impact on the secretion of CRF. The combinations in the CS and EE groups showed a synergistic effect, and the results were better than those for the other groups. As the three single factors could increase the amount of exercise, we speculate based on this study that exercise is essential for CRF secretion, and that it may be an important way for the EE to influence CRF.
Ghrelin, another factor that was modified by EE, is a small endogenous brain-gut peptide. 36 Binding of ghrelin to its receptor results in a wide range of biological effects, such as stimulation of growth hormone secretion, regulation of food intake and energy metabolism, and modulation of immunity. Ghrelin can also protect the gastrointestinal mucosa, regulate gastrointestinal motility, promote gastric secretion, control the proliferation of gastrointestinal tumor cells, and improve gastrointestinal dysfunction. 37 Furthermore, it is a critical regulator of cognition and emotion within the brain-gut axis. 37 This study found that the three factors investigated had an interactive effect on intestinal mucosal ghrelin secretion that was greater than the effect of any of the factors individually. The two twofactor combinations had an effect on intestinal mucosal ghrelin secretion. However, the enlarged space and social support combination had an adverse effect on intestinal mucosal ghrelin secretion. In a single-factor analysis, cognitive stimulus and social support were statistically significant in promoting intestinal mucosal ghrelin secretion. There was no statistically significant difference in ghrelin secretion of enlarged space on intestinal mucosa. The possible reason is that the enlarged space is simpler than that of social support and cognitive stimulus. The single movement mode could not produce a significant effect on secretion of intestinal gut peptide. However, its combination with social support has inhibited the secretion of ghrelin in intestinal mucosa, and its mechanism still needs to be explored. Therefore, the combination of enlarged space and social support was not conducive to the secretion of intestinal ghrelin. Only when a cognitive stimulus was added could a beneficial effect on ghrelin secretion be observed. In the two two-factor combinations, both the EC and CS groups contained the factor of cognitive stimulus. However, when cognitive stimulus was tested as a separate factor, its role was not as important as that of social support. Therefore, the effect of cognitive stimulus on intestinal mucosal ghrelin secretion was more significant only when it was combined with other factors, whereas as a single factor social support was better than cognitive stimulus. Therefore, it appears that social support is especially important in intestinal mucosal ghrelin secretion. The reason may be that social support could generate a positive influence to regulate the hypothalamic sympathetic nerve cell axis, thereby reducing intestinal leptin and increasing ghrelin secretion. 21 The combination of social support and cognitive stimulus, or the combination of enlarged space and cognitive stimulus, or the combination of three factors, is more beneficial to the secretion of ghrelin in the intestinal mucosa, and the combined effect is superior to that of any single factor. In hypothalamic ghrelin secretion, the combination of the three factors may have a significant effect on the secretion of ghrelin in the intestinal mucosa, but have no significant effect on the secretion of ghrelin in the hypothalamus, while the combination of cognitive stimulus and social support can produce synergy. Group CS had the most significant effect on the secretion of ghrelin in the intestinal mucosa and hypothalamus of rats, which increased the secretion of the brain-gut peptide and its positive effects on the maintenance of the gastrointestinal mucosa and gastrointestinal function in colorectal cancer. However, the effect was weaker than that of the three factors combined and the combination of cognitive stimulus and social support, if cognitive stimulus, social support, and enlarged space factors are independent. From the above results, it is conjectured that in the eight-week intervention, the effects of the EE on intestinal ghrelin were greater than those on hypothalamic ghrelin and CRF, and that the combination of cognition and social support was best. Studies have shown that short-term exercise (less than 12 weeks) does not produce obvious hypothalamic ghrelin secretion, 38 which is consistent with the findings of this study. Therefore, the effects of various factors of the EE, especially the duration of exercise, on hypothalamic ghrelin secretion have not yet been determined, and the mechanism also remains unknown. Future studies could vary the length of the intervention for further analysis.
Body weight
In the analysis of the changes in body weight of the rats, the effects of the intervention factors that were observed were not statistically significant. Time was the main cause of the difference in body weight between groups. In addition, we did not measure the weight of the tumor in rats. The effect of EE on the body weights of rats needs further study.
In conclusion, we found that EE and the combination of cognitive stimulus and social support increased brain-gut peptide expression (especially ghrelin secretion) and enhanced intestinal mucosal immunologic functions, thus ameliorating intestinal dysfunction and maintaining the integrity of the intestinal mucosal barrier. The effect of combination of three factors, cognitive stimulus and social support was greater than those of any single factor. The combination of cognitive stimulus and social support can produce interaction, which may weaken the reaction of body movement of single factor cognition to the body to a certain extent. The interaction between positive cognitive stimulation and strong social support in nursing may be of great significance in recovery from colorectal cancer, as a benign external environment can influence the internal microenvironment of an organism. Moreover, simply expanding the housing environment without social support and cognitive stimulation has no significant effect on cancer rehabilitation. The reason may be that in an enlarged solitary environment without any stimuli, enlarged space sometimes even increases the body's sense of loneliness, thereby affecting the body through the neuroendocrine system and so on. Based on this understanding, in the future setting of rehabilitation environment for patients, we should not simply consider the increase of environmental areas. The role of humanistic care and cognitive stimulation should be the focus of rehabilitation for patients with colorectal cancer. Nurses should pay attention to and encourage benign social interaction and social activities of colorectal cancer patients during convalescence. However, we should also pay attention to the intensity, frequency, and duration of social activities. For example, too prolonged or too intense exercise may have an adverse effect on the body. Therefore, future research should further investigate the effects of intervention duration and intensity, and combine nursing practice with other methods to study the effects of an EE on rat body weight, hypothalamic ghrelin secretion, and translocation of bacteria, as well as the effects of single factors on the intestinal mucosal barrier. In addition, we should further study the specific mechanisms and the pathways of the combination of various factors of an EE on the intestinal mucosa. 
